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SUMMARY 



This report presents towing tests made in the N.A.C.A. 
tank of a parent form and five .variations of a flying-boat 
hull. The "beams of two of the derived forms were made the 
same as that of the parent and the lengths changed "by in- 
creasing and decreasing the spacing of stations. The 
lengths of two others of the derived forms were made the 
same as that of the parent while the "beams were changed 
"by increasing and decreasing the spacing of "buttocks, all 
other widths "being changed in proportion. The remaining 
derived form has the same length end bean as the parent, 
hut the lines of the forehody were altered to give a plan- 
ing bottom with no longitudinal curvature forward of the 
step. 

The test data were analyzed to determine the minimum 
resistance and the angle at which it occurs for all speeds 
and -loads. The results of this analysis are given in the 
form of nondimensional curves for each model. 

The effect of variation in over-all size, as indi- 
cated "by a "complete" test on any given hull, is pointed 
out. The effect of changing length alone "by the spacing " 
of stations, of changing beam alone "by the. spacing of but- 
tocks, as well as the effects of the changes in length- 
beam ratio and longitudinal curvature that result "from 
these operations are discussed. The difficulties encoun- 
tered in interpreting test results of systematic families 
derived by the method used are emphasized. Eufther stud- 
ies are suggested in which changes in the variable under 
consideration would not bo obscured by secondary changes 
in other important variables. 
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TiffiSDUCTioir 



The effects of changes in hull dimensions and shape 
of unier-water volume for displacement- type vessels have 
been extensively investigated in towing ' tanks . Systematic 
series of models "based upon single sets of lines with pro- 
gressive changes in the factors that affect resistance 
have "been of great assistance in developing more efficient 
forms., 

, . . Similar .methods suggest themselves for' towing-tank 
research conducted for the purpose of improving the''.water 
performance of . seaplanes. The different charact er of . $ ea- 
plane hull operation,, however, leads to dissimilarities in 
the factors that affect resistance. Luring the take-off, 
the speed increases from zero to the point at which flight 
is attained; the load on the water decreases as the load . 
is transferred" from the water to the. wings and, for the 
greaterjpart of the take-off, is supported by hydrodynamic 
rather • than hydrostatic forces* The under-wa.ter form pre- 
sented to the flow of the water is therefore constantly' 
changing. Properties of the hull at. reBt, such as initial 
trim, draft, and distribution of displacement, become .of 
minor significance. As hydrodynamic and aerodynamic 
forces 'develop , the seaplane rises bodily and runs dry 
above- the chines; hence the flow is affected principally 
by the amount and di st r 4. but ion of the under-water surface 
rather than the volume. ■ . _ 

■ ■ One systematic method of varying the amount and dis- 
tribution of surface below the chines consists of chang- 
ing the spacing of stations or of buttocks. Using this 
methodof variation on a single parent form, the Committee 
has -invest igated the effects of changing length alone hold- 
ing beajn constant and of changing beam alone holding length 
constant. The series was based on N.A.C.A, Model 11, which 
represents; a hull for a flying boat, and on five forms de- 
rived from it. The s ix models were tested during 1932-33 
in the W^A.C.'A. tank at Langley Field, Ya. , by the "com- 
plete" method used at the tank for fundamental research 
on hull forms. Test data for two of the models, N.A.C.A. 
Model 11 and Model 11-A, have been published as technical 
notes of the Committee (references 1 and 2). The present 
paper includes the test results of the series as a whole 
with an analysis of the effects of the variations intro- 
duced into the series, 
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G-e neral . - 'The; sjerle"s_ InyestigsTtVd ctmVi b-Vs '6"f a"'fam- 
IJLjf bf five mod'siV made" up "df the "parent form, : "fto del' II ,j_ 
and four variations ;embodyihg changes in length and" b earn - 
l£ode'is"~l£.", is'f" 1%*,;' "'juia 15". * Model' "ll-i. w'fts' introduced lat er 
t b ' study the; effect'- of forebody curvature. ' The' lines and! 
offsets 4T .Model "tl are "given In f'efer'ett'oe' 'X "and "those of 
Model li-A._in reference' 2';;' ' The 'variations in dimension's'" 
among "the first five mod'elB' of the family and their effect 
on the shapes are .indicated in figure 1. Models" _Hj 12, 
and 13 fdrm a l r e.ngth . 'series in 'whi ch -be'a-m "is held constant 
whi'lfe Models 11,' 14, and 15 form' a "beam" 'series in which 
length is held "constant .' " ■ 

' Such changes in dimensions wi!fl sl'igh'tly alter the'po- 
sition of the water "line at rest and the center of buoyancy 
for a given load. As explained in ; -th6 introduction, howev- 
er, the distribution of buoyancy, important in the case of 
■'ship mcfdelB throug'hoSit their ■ spe-e d ' range , loses its signif- 
icance for 'seaplane hull ' mo-dels except at' the lowest speeds 

The uare nt form . - - Model 11 was designed expressly for 
the investigation described herein^ It is of the type most 
generally used in the United States, having a' transverse 
'"step's, short distance aft of the center of "gravity, a short 
afterbody terminating in a vertical sternpost, and an ele- 
vated-stern for the support' of the airplane tail surfaces, 
lor simplicity, the sides of the model were made ve'rtica'l 
above the chines and the deck was made coincident with the 
horizontal base line used in the construction of the model. 
The bottom sections are straight from keel to chine" except 
near .the bow, where they become arched for seaworthiness. 
Near the step and aft of the step the angle of dead rise 
is constant. 

It will be seen that the planing bottom forward of the 
step has more ■ longitudinal upward curvature than is usually 
found in c\irrent practice. This characteristic causes the 
geometric form of this area to change appreciably with the 
change of longitudinal dimensions decided upon - for the 
length series, with correspondingly more marked^ effe.cfi on 
resistance, whereas the extension and contraction, of a bot- 
tom with no curvature near the step would have had a negli- 
gible effect on resistance except at the slowest speeds. 
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Length series." ' Mo d erl r ' : $2 -wet a ? 3f*f i-fed from the parent 
by uniformly increasing the distance between stations. 
The .resulting form has a greater over-all length, l^ess 
f o^e-iCnd-'af t ''durvatuf e of the f orebody , 'an'd ' re'du'ced values 
of -lojigitudin^i' ';aiigi'es'j' t'tie most."imp6r tant : fingle • so -reduced 
Wi'fii th'e jc&Zi " iagi e : '$t$ : 'af the "'st ep. ' Model' "13 ' wsfs 'Aer ived 
"t>y -dl'oreaslnj; ; t&e' : 's tat ion" ' spa-cingV giviag 'an opposite va- 
riation -t o : the fSetors'-a'ff acted} 'namtfljr', L : shorter length, 
mor e'^iiurvatu'r e , '"'aifd'-great ef longitudinal Angles «" Each sta- 
.t ipn ? its . of * itself 'uhchanged/'hencV'the dead risflr~aad tho ' 
'6ran^vi^Be"dIs^ributibn of surf ace remain conltant. ' ■•■ 

. '• * .. ft: » .'I /: -r,\-...; > zx 1 -- *^ri. m tit f: err ■~. r '~ T;' .- ■ '". " .." '> 

- 1 - r jjeain^"s.er|.es'7- :: fiodel l'4''was 'derived f rom thefparont by 
increasing the'^but'to'ck spacing''.' and; beam' in proportion. 
This operation reduced the dead-rise 'angle. ' In Model 15 
the buttock spacing and beam were reduced, and the dead- 
rise angle'' thereby '■ Increased*" • In-'t-his : series the profile 
'of it-eel : an'd 'chinef as well the true^sha^e of the but-' 
tb'cks ' r emained-" constant i •' ••'•.•£••:•"-•. ••«•.» *-£. . . 

! * !> '" Mo'del ll *i,..* <: A'f 'exlia'ihe'd 1 in '.reference 2,' this model 
' was' 1 derived"? rom the "parent - by ' removing the curvature ' ■ 
from the f orebody keel , buttocks , and chines as far for- 
ward- "of- the" step. k r sj-wa's : practicable'; »■ The portion aft of 
the' "step" "was' unchanged-."-- :a ^'\ : \ \ 7 ' 7" :: '" :J "'" 

The following" table summarizes the values' of the bas- 
ic variables .of 'length- anil "beam chosen and "t'h'e effect of' 
their' change on the"' other 1 important ' characteristics of' the 

huiis:- " • " ' * • "' \ 



i' 


. ' .- *' 








_ _■.._.-»_— v.... ,_. 
■' Angle ■ 


Relative 


■ ' i 






Length- 


Dead- 


betwen 


f orebody 


Model r L'ehgth 


Beam'- 


beam 


rise 


fo'rebody ; 


curvature 




in.'' 


' ; in . 


' ratio 


angle 


' and' 


for'd of 












aft erbody' 


■' st~op 












keels 




11 


. 7-96 


17 


5.65 


22° 30' 


' - 5° 30 ''' 


1.000 


12. 


..ib.3- - 


17 


6.00- 


22° 30' 


7 5°. 11' 


.885 


13, • 


-.90" 


.17 ' 


5.30 


22° 30 ' 


' 5° 56' 


- .1.137 


' 14 


96 ■ 


19 


. 5.05 


20° 20' 


5° 30.'. 


i.ooo 


15, d 


?£, ., 


15- 


6.40 


25° 10" 


5° 30' 


. 1.000 


1 Ir-A, , 


, -9.6 . . 


' 17' 


5 . 65' 


22° 30 1 


- 6° 30' 


0 
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Construct i on.- All the models were made of laminated 
mahogany to a working tolerance of i0.02 inch. They were 
painted with several coats of gray-pigment ed varnish and 
carefully rubbed to give a smooth finish. 



APPARATUS AND TEST METHOD 



The S.A.G.A. tank with its associated apparatus is 
described in reference 3. The present tests employed the 
smaller towing gear, which permits a reasonable degree of 
accuracy of measurement for the sizes of the models used. 

Data were obtained over a range of speed, load, and 
trim angle by the complete method (see reference l) , which 
permits an extensive comparison of results unhampered by 
any arbitrary design values of gross load and get-away 
speed. In this method, load on the water and trim angle 
are made the independent test variables for which simul- 
taneous values of speed, resistance, trimming moment, and 
draft are recorded for a large number of constant- speed 
runs of the towing carriage. 



RESULTS 



The data from the tests of Models IS, 13, 14> and 15, 
corrected by the usual tares as described in reference 3, 
are presented in figures 2 to 22 as curves of resistance 
and trimming moment plotted against speed, with load on 
tho water as a parameter. Bo tabular data are given for 
the family of hulls, as the models are not particularly 
good for design purposes and the graphical presentation 
is satisfactory for comparison. The resistance includes 
the air drag of the model, as explained in reference 1. 
The curves of test data for Models 11 and 11-A have been 
published previously in references 1 and 2; hence they are 
not included here. - - — - 

Eigure3 23 to 34 show the charact er_ist ics at the best 

trim angles of all the models, including 11 and 11-A, re-_ 

duced to nondimensional form. The coefficients used are 
defined as follows: 
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w b 3 

- V 



b 

wh©re : - ■/'A" : ' : Hs tfei' ioia an., the; Water, lTj. 
;B, : '-resistance, 'lb. " 



V, ripeed, ft. per sec 

-^w'i' '■'Weight of-'-' fta^ er- per unit volume, lb. per cu.ft 

"'■"'b;' -beam, ft.' 7 ' • '• "-.=-.' • -• - 

. •* Tg','' acceie'rat I6n''6f -gravity, ft. per sec. 2 

These coefficients may be used with' any other con- 
sistent system of units, 

The application of the- nondimens ional data 1b dis- 
cussed in detail in reference 1. In order to facilitate 
comparison of the various models, the load-resistance 
ratio calculated- from the best-angle data is. plotted 
against, the load' coefficient for several Bpeed coeffi- 
cients in. figures .35. to 40. It should .be noted that the 
use. of the ,b.eam as the characteristic dimension in these 
coefficients; causes' hulls 'of . different, .length- b eam, ratio g 
to be. compared on the' basis "o'f equal baams but - dTfTer en t* 
length's. '. ..V' - — - -■■ — 



PRECISION 



The test data are believed to W correct within the 
following approximate limits: 

_.?;. Load . . ±0 . 3 lb. : . . . * '_' 



Resistance " .. ±Q..l lb. : 

Trimming moment -1.0' lb. -ft. 
Trim angle +0. 1° : " " 

Spoed iO.l ft", per sec. 
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the family 5f hulls' present'e'a i'ri 'this" rep'o'rt was de- 
signed primarily to investigate the effect of variation in 
t^e. length of hull when tjxe --"beam , is, held. ..constant., . and in 
the '.beam' whpn,' the" length" Is.. li"e^/ ; qonjt.5bant..., . The manner . in 
wJh^pX. the' variation waajt^dp, Milyever,. introduced second- 
ary- "change s'"In~ the longitudinal- cur ja'ture' of the forebody, 
in" the longitudinal angTVVe.twe.eri the forefcody and the "af- 
terbody',. a"iid. "in. the. ajfeljB. '.ojf dead' rise. 'As a result, the 
ef/fect" of ^.. 'change, in ajiy one ojf" th'e design variables, is- 
diff icult to,'..separ-a't'e f r'om tlie '.effects "o'f, the accompanying 
variations i'.n.otjier f actp-irs.'. ,/ This die] cub si on ,is an ja.t-t^ 
tempt .to "segregate" pt]i,e J^fjuenc.e of . fS.e!. individual ..factors 7 
in' so far as the refit's.', .of ' 'this seri"es"..oT tests are sus^- 
ceptihle of su,ch t r'e^Vment . , ' ..' ' f* . ' 

, '" V/aWat id nj 'of Over-All Siz©'_ ' . ' 

. The effects qj£ -talie-of f performan.ee pfoo^'ced by" changes 

"in' the. over-all dimensions of, a hull p'f given' fpjrnj," as." ap- 
pl'ied £p a particular! .seaplane,.. a'.ij.e p'o'irited s 6u,f in[ refer-, 
ence"!.' The analysis" of ' the 'data ' f or iJod'el 11' given ' there 
showed, that inpr e.as.ing. the v hull .size .for a given design 
will generally^. reduce., the 'resistance hump, but will 

increase . it at. ,'s.p.e.eds near get-away. .'2X1. '"the models of 
this series sh"o^w.7tlhis.. same tendency, 'as can be. seen from" 
f igures 35-40'. " "At .the. hump.' speed.,, decreasing the. load .co- 
efficient . .C^, '.. that is",; increasing th'e" size of hull' for" a 
given load, increases the. value of ^R. lii every case. 
In the high- speed ".range, as shown by the curves for speed 
coefficients of 4,5 and' 6.0, deer easing' "the' load coeffi- 
cient reduces the' value. of A/s, .giy^nj; .higher resistance 
for a given "load* It is therefore .ev'id.ent 'that th.e vari- 
ations in 'geometric form among the models' of this series 
do not alter the general ...rule that a large, hull for' a given 
load is favorable to low hump resistance but causes high 
resistance near get-aw.ay. .[ _' 

Variation of Length Holding Beam Constant 

Increasing the length alone shows- the same -tendency tp 
decrease the hump resistance and increase the resistance 
at high speeds that" is produced -by an increase in over-all 
dimensions. The curves of figure 41 give the" A/r ratio 
plotted against load' in pounds at three typical speeds for 
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Models 11, 12, and 13, whlch^- comprise the length series. 
Increasing the length gives a marked improvement in A/r 
at the hump. The decrease In A/r^ at high. speed (40 feet 
per s&cond) ■ T'e suitings from" 'in-e'r eased" length- 1 is not very 
gr.«a t i - 'Z:> ■■ ~ ' 1 * s-V { ...... 

'•■■.The secondary- effects - of changing the length by al- 
tering, the station spacing, as-. was done in the series of 

,Mo4els 11* 13 asid'13 are- changes lis foriibbdy curvature 

-aad'. ir. the angle": between 'the : 'f oVebody and" aft erbody. Xf 
the test -results of Models 14 and IS 'are converted to a 
beam; of 17 ■.'inches i " another 'length series is represented 
.i-n -which the angle between the f drobody ' and afterbody is 
the ! 8£mfi for all fche-mo&ele, and in which'the curves of 

^he:f Orebody buttocks are -geometrically similar. The ac- 
tual radii .of curvature ■ ; at-'-' corresponding stations in this 
series will, of course, be propdrt iorial to' the length of 
the model.' The values of A/R for the three models, all 
converted to 17-inch beam,' are plotted against load for 
three typical speeds in figure 42. Again, increasing the 

■l.ength improves the A/R ratio at hump "speed and at .. 

• speeds , in-. the. lower part of the planing range. At 40 feet 
per second, however, the intermediate length, Model 11, 
gave ELomewhat better results than' either of tho others.. 

]!n both these series of models with the same beam 
the increase in length from the shortest to the longest 
is accompanied by an increase in the radius of -curvature 

■of the forebody. The following tabulation Bhows the. order 
of merit of the five -hulls with 17- inch beam, together 
with the relative magnitude of the curvature ( i'. e. , the 
reciprocal . of the radius -of curvature). For each speed, 
th-Q' numeral "1" -indicates the hull having the highest 

..A/:Ri.' ^numeral "2" , the' hull having the next highest, etc. 
Th'e length and curvature' are expressed in terms of. the 
ratio. -of these quantities for each model to the values 
for Model. 11. " ~ ■ ' 



Model 


Relat ive 
length 


Relat ive 
curvature 




Order of . 


A/R ■ 


at hump 


at - 25 f-rp.B. 


at 40 f.p.s. 


14 


0. 895 


1.118 


4.5 


5 


4,5 


13 • 


.938 


1, 137 


4,5 


3,4 


1 


11 


1.000 


1.000 


3 


3,4 


2 


12 


1.062 


-.885 


2 


2 


3 


' ■' 15" - 


1.133- 


" : '.883 ' 


1 - 


... 1 .•' 


4,5 



'.Izl. the ••■ cases ' where : "two of- the models "have" substantial- 
ly the same valuo of A/R, they have been rated equally. 
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This tabie v, d6'es' not '"show conclusively whether it was 
the length ,- as / such, ■ or'-'the 3-bw f&feboily curvature that 
had a favorable effect : '6ii 'the longer mo a els* Definite in- 
terpretation is further obscured by the'' variat ions in- 
dead-rise angle and in the angle between the f orebody and 
the af t erbo'dyv - ■' \" r. ;.„• . ;.-irr.. 

A comparison between- Model s il and'll-A, lib we vet , • - 
shows the l; influenc-e ^o r f f orebody' curvature ' without the bb^ 
souring ___e£fect_ of change's '• in the ' other-; variables sincethe 
e |ia'es of the two models 'ar evident ical ^exVep't" f or the" f lat 
'planing bottom of Model 11-A* " Such' a 6ompari_s_on J L s_ shown 
" xn figure = 43; The p-£ohdunced : Improvement of Ifodel^ 11- A7~ 
over Model 11 at all speeds and- "' loads ' shbw : s that, to a 
large extent, the differences shown_ in_ the. table may be 
accounted f or ' by ' the ' inf luehce ; '6f longitudinal curvature. 
This conclusion was to be expected from general consider- 
ations of the behavior' of- a. .hull atjplahing .speeds , be- 
cause the length of the hulT. ' as ■ such' has no "influence on" 
the form of the planing bbttom'at speeds above" that at 
which the bow rises' but- bf the' 5 wa't er. 

The order of msriV shown • in 'the table for a speed of 
40 'feet per second is- s'bme'w-ha/t more difficult to exp_laiiu 
At this speed Model 11-A" is" superior to any of" the five 
hulls in the regular family. • It wo\ild thus appear that 
: Hhe advantage of a flat- f orebody extends to_high speedVP 
The next best hull , however ," is Model 13", whTTch has the ■ 
highest curvature" of tae ; entire family. This model has 
also the greatest angle between forebody and afterbody; ■ 
hence the influence of the interfering blister on the Af- 
terbody, discussed in references 1 and 4, is reduced. The 
somewhat compl icated ' effect of the relation between, fore- 
body curvature and afterbody clearance probably accounts 
for the- apparently haphazard order of merit of the" five 
hulls at this speed. - : 

Variation of Beam Holding Length Constant 

A comparison, of. Models 14, 11, and 15, which form a 
series cpnstant in length but varying in beams, is given 
in figure 44, In this series the longitudinal sections of 
the three models are. the same. The change in spacing of 
the buttocks, however, causes, a change in the angles" of 
dead rise and consequently -in the fineness of the water 
lines near the bow. The curves show that the. value of 
. A/jR at. the hump inorea-ses. slightly with increasing beam. 
At 25 feet per second the narrower beams give higher values 
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fcfT A^'Sv^' fe'rfc&p't-' 'that- for" loads' above^ 47-' pounds .Model 15 
shows" poorer'" performance than Model "11."' At 40- feet per 
■ f sec'6Mr' ^he 7 - valuV' of 'A/*' ' increased V decreasing the 
beam -tfor'^alr-' ; -leads* • ='.■■■'.■■ ■ '■ ' " ■ ' - v 

■>,-■>" '^.•0-!.'.'>'!0* f r- -ri :? - " ; ■ < ;. ■ .c :■■ . ; : . ■ . :" " - 

Another series of hulls constant in leng'tn hut vary- 
ing in beam could be obtained by comparing the test j re- 
sults' oT v Mb del "s j - -1 2' ind f 1 3 s -;' ;c*Wv er't ed t o : 9 6- in ch" length , 
w i i^r 1J ;iio ; Be : ''of l: 'fio^ffl' The maximum variation in' beam 

'•glVen'^by ^h4 r s" sWr'ies'" "is" only about half as great as that 

t-W s'erie's-: of " Model's ' 14 , 11", and 15. "She" s ignif'icance 
S'f "'-thtf- if-esMtfl ' is obscured by the fact ; that 'the ' longitudi- 
nal" prof lie's of the thre.ethodels are" not similar; hence the 
comparison 'iB nb'V included. ' 

•- ; •■■ ■ ■ ■ -' ' ' • 

•«■'■ Effect' of n ■'Changes'' in Individual Design Variables 

ehk t h*h earn- 'ra tip".'- The primary variable in the fam- 
ily -o'f-' model's fender 1 , discussion is the ratio of length to 
beam. ,-> It ; - was" hoped that' the test results would furnls'h 
the information necessary to establish a definite value 
of this ratio giving optimum performance for t hi s type of 
hull.'-' i -The Tor ego'ihg discussion has givenah idea of the 
diff iculties'' -involved in" f-inding a suitable basis' "of com^ 
pari'soni' ' IV is possible, however, to estsbl iBh the' rel-" 
at ive ' mer it s ' of " the forma of the various hulls (as . dis- 
t-j n ku i'sh e'd" f r olfr size ) , v by applying the result s to ■ specif ic 
design : problems in the wanner described in reference 1. 
In': order' t o -simplify the comparison, the b-eams^ may ' be se- 
lect el 1 to;' give equal resistances at hump speed'fe; the or- 
der 'of merit of 1 the hulls will then be established by" 
their relat ive resistances in the high- speed' region due 
account b'6ing taken of the probable weight and air drag 
of the' hull the size of which is thus determined.'-' When 
this was done for the models of the present family, they 
compared as follows: ' . "' _'_' _. '__' 1 .. 



Order of merit 


Model 


Relative 
beam 


l/'b 


1 


"12. 


0.955 


6.0 


2 


13 


1.0 58 ■; 


5.. 3 


3 


> - 15 


.910 '; 


6.4 


4 


. ii . '. • 


1,00' ■ 


, - .5. 65 


6 


14" 


1.072 


5. 05-, 



Obviously, any effect of the Ic.gth-beam ratio, as 
such, is. obscured by , the influence of tire secondary varla- 
t ions in "f orm. 



H. A. C. A. Technical Note Ho. 491 



11 



E o ag i frud i nal ; ou g va t'-cCr e . -■ -'The "p'r ih'cipal ' secondary ef- 
fect appears to "be caused by variation of the curvature of 
the buttocks on the forebody planing bottom. The striking 
improvement obtained by flattening the ''forebody , as in Mod- 
e'l - 11-^A,' .'shows, the importance :: of ^t'HJs ' variable. An expla- 
nation 'Of the influence of- foVebocEy cufvaiur e 'may be de- 
duced in a general way f rornvthe 'curves bf pressure dis't'ri.j- 
but.ion oh :a planing surf ac-ey- given; in reference 5. ■ .These 
curves shew 'a region o'f very high pressure at- the leading 
edge of the wetted planing' bott'-onu •'So -'ctata are ava'IiaTHiG 
-on the- nature of the distribution on "'a Burface having lon- 
gitudinal convexity, but it is reasonable to assume -thaf ' 
the high concentration of load near the leading edge will 
be "oven more ' pronounced--' in - such ' a ca3'e . Moreover; the 
buttocks near the leading edge 'of "'a : cur'ved bottom, mus^t 
have a relatively high' ; angle- to"' 't'he'hor izon'tai", otherwisef 
-the trailing edge will- be at" too low an-.angle to. .give a • f ; 
reasonable dowriflow •' to the wake and there will be a conse- 
quent loss of dynamic lift. The high' 'norma 1 force acting 
on the inclined portion of the buttocks will obviously 
have a high resistance component, and the value of A/E 
of the planing bottom ''as a whole will 'thus tend to be lower 
than that of a flat surface. 

•■: v Since some convexity, at"leas't near the bow, appears 
to- be necessary f o'r 'seavrorthihSs-s at "low speeds the de-' 
signer 'is forced' to effect a "comprdmise between ' the con- 
flicting requirements.-' ' It seems evident, however, 'that ' 
perfectly straight b'ut'tack's should -be' carried well forward. 

-'• These considerations explain to some extent the dif-"" 
fic.ulty met 'in trying to establish an opt imum length-beam- 
ratio. If the beam is narrow for a -given load,'- a grea't'er 
length of flat forobody is necessary to keep the high- 
pressure region from getting up on the bluff portion of 
the- buttocks at the hump speed. If a larger beam is usetT, 
the wetted length will be reduced for -a" given load and 
speed, and consequently the flat -port ion of the forebody 
may be made shorter. Thus,' substantially equal values of 
A/E' may be obtained with a considerable variation of L/B 
ratio, provided that there is no pronounced curvature in 
the region of the planing bottom near the step and that 
the load for a given beam is properly selected. 

0 the .g.. var iabJL eg . - ' Two other design; 'Variable's , the 
dead-rise angle and the angle- •'betTe'en the 'forebody and 
afterbody keels, are altered by the systematic variations 
used in these tests. The results do not offer a satisfac- 
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ttfry, ; ; ^|i;s";fd : r ^segregating the ^effect of changes in these 
c^aja'cter'i'gtics , however,' '-'and. furthe't experiments will "be 
; r gijuired.- - - • 

-■' .< 0>:-">rjigg. pr£gBrit"t'est's -give s'om'e v indication that" a low ~an- 
gr^ l 'of '" 7 de'a'8 r is e\ ma^ : - contribute t~o~^high : hump resistance if 
"th6 : ;i8ngi't : 'udiiial,' curvature-' of tEe "hull" is ' excossive. This 
pEeabmenBn"may' r - i be •'"Seen from"* the curves of "figure 44r-^ f She 
ifipfSyemettl in 1 % he'-" value of ' A/ IT" ( at the' hump with increas 
in^ ;: bt)am" r ia' ; 'leBS' than might^be expected', protatiy "because 
°V%b jpjal^S i'se -''angle? and t&eref ore' the fineness of the wa- 
tr^''''iin£fc'' on the • curved part of the forebody , "is decreased 
as" 'the' heam ^ is" increased-i -' *' ' ' 

t [' The^anglQ between' the forebody and afterbody keels 
pr^ahly'ha-s'-'a'- pronounced' eff ect on" the trlmmTng moments 
as" well a ; s' : up6n 'the friction resistance caused by the 
SpY^y striking the afterbody at high speeds. in. the pres- 
eat test's'-,": however, changes in- this quantity are inciden- 
tal ' to" ^changes "in length'; '; hence its- effects cannot- be seg- 
re-tsat edj , J;-;-; J - .. '.' .. ^ ° u " . ■ T . . 'j 

CONCLUDING EBMA50TS- 

TEe r esult's of this series' of* tests'" show that" system- 
atic variations" in hull form, effected' by changes' in the 
spacing. of either but tocks or s tat ions , are not suitable ' 
for the' Thvest igat'loh of "flying- "boat forms. They also' 
show rather conclusively that longitudinal curvature of 
the f or'ebody should be avoided and that the length-beam 
ratio of the hull; 'af fect's- ;it's planing performance princi- 
pally because' of "'the i'nfTironce 'of this "ratio on'the "sec- 
ondary .design factors. ■ 

Work Von the' 'effect of changee in the angle Of dead 
rise and -'in "the" angiV between 'the forebody and tho after- 
body is in progress, 'and future tests designed to segre- 
gate 'Thef .effect of "the length-beam ratio are contemplated. 
In these 1 studies care will be taken to avoid secondary 
changes in forsT'that "might obscure the effects of the va- 
riable una ear 'c r 6is"i deration. ■ — - - 
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Tigore 1.- The family of halls allowing variations in dimensions. 
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Figs. 2, 3 




Figure 2.- Model 12. Curves of resistance and trimming' moment. 
Trim angle t = 3° . 



QJ 

u 

w 

q; 
ft! 



<u 

S 
o 

6 
bo 
P 

B 
6 




-40. 



Figure 3.- Model 12. Curves of resistance and trimming moment. 
Trim angle r = 5° . 
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Figs. 4,5 




Figure 4.- Model IS. Curves of resistance and trimming moment. 
Trim angle r = 7° 
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Figure 5.- Model 12. Curves of resistance and trimming moment 
Trim angle t = 9° . 
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Figs. 6,11,12,17 




Parameter = load on water.lb 
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■Figure 6 . 
Jtfodel 13 . 
Curves of 
"resistance 
■and trimming 
moment. _J 
Trim angle 
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Figure IS.-- 
Model 14." 
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Tigure 11 .- Model 13" 
-Curves of resistance- 
_and trimming momenta 
Trim angle t = 11' 
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Figure 17l - Model 14 
Curves of resistance 
and trimming moment 
Trim angle t = 11 
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Figs. 7,8 
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Figure 7.- Model 13. Curves of resistance and trimming" moment. 
Trim angle t = 3° 
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Figure 8. - Model 13. Curves of resistance and trimming moment. 
Trim angle r = 5°. 
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Figs. 9,10 




Figure 9.- Model 13. Curves of resistance and trimming moment. 
Trim angle r = 7°. 
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Figure 10.- Model 13. Curves of resistance and trimming moment 
Trim angle t = 9°. =-■■. 
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Figure 13. - Model 14. Curves of resistance and trimming- moment. 
Trim angle t = 3° 




Figure 14.- Model 14. Curves of resistance and trimming moment. 
Trim angle r= 5° . 
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Figure 15.- Model 14. Curves of resistance and trimming moment. 
Trim angle r = 7° 
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Figure 16.- Model 14. Curves of resistance and trimming moment. 
Trim angle r = 9°. 
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Figure 23 . - Model 11 . Resistance coefficient 
at best trim angles. 
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Fig. 25 -Model 12. Resistance coef- de- 
ficient at best trim angles. ^ 
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Figure 20.- Model 15. Curves of resistance and trimming moment. 
Trim angle t - 5° . 
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Figure 21.-Model 15. Curves of resistance and trimming moment. 
Trim angle r = 7° 
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Figure 22. -Model 15. Curves of resistance and trimming moment. 
Trim angle t = 9° . 
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Figrs. 30,31, 32,33 
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Figs. 38,39,40 
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Figure 38.- Model 14. Effect of Figure 39.- Model 15. Effect of C A 
C A on A/R at best on A/R at best 

trim angles. trim angles. 




Figure 40.- Model 11-A. Effect of C A on 
A/R at best trim angles. 
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Figure 41.- Effect of obmige In length. ModelB 
11, 12, and 13. 
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rigUM 43.- If fact of foreboly ourrature. 
Models 11 and H-A. 
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Figure 43.- Iffeot of ohsnge tn. length.. Models 11, 
14, and IS. (Compared at the aaae beam) 
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Figure 44.- Iffeot of obange la beam. Modela 
11, 14, and 15. 
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